Values for the mobility of positive ions of neon in neon, argon in argon, krypton in krypton and xenon in xenon have been obtained in pure gas. It is possible to deduce the mobility of an ion of the same mass as the gas atom from the known values for alkali ions in the gas on the assumption that the same mass relationship holds. In each case the observed value is considerably less, the ratio of the two being of the order of 0-60-0-75. This result may be attributed to the phenomenon of electron exchange in the case of ions in their own gas which does not arise with alkali ions.
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The mobility of positive ions in their own gas
Values for the mobility of positive ions of neon in neon, argon in argon, krypton in krypton and xenon in xenon have been obtained in pure gas. It is possible to deduce the mobility of an ion of the same mass as the gas atom from the known values for alkali ions in the gas on the assumption that the same mass relationship holds. In each case the observed value is considerably less, the ratio of the two being of the order of 0-60-0-75. This result may be attributed to the phenomenon of electron exchange in the case of ions in their own gas which does not arise with alkali ions.
The variation of mobility with field E and pressure p has been studied. In Kr and Xe there is a marked fall of mobility with increase of E /p, at higher values the velocity of the ion increasing in a linear manner with increase of (E j p ) K In 1931 Tyndall and Powell determined the mobility of positive ions of helium in very pure helium. The clustered ions, due to gross impurity, with which all the early mobility measurements were carried out, could be fairly easily eliminated, but the authors showed that when small traces of impurity were present secondary processes in the path of the point discharge, from which the ions were derived, produced other types of ion to an extent out of proportion to the concentration of the impurity.
They tried also to make similar measurements on ions in their own gas using neon, argon and krypton, but the results were never published because of their indefinite nature. Owing no doubt to residual impurity more than one group of ions was obtained, neon and argon giving two and krypton several groups. Attempts to purify the gas still further by electrodeless discharge in situ altered the relative abundances of the groups and some times added others, leaving the results still ambiguous (Tyndall and Powell 1931) . Helium has an .advantage over these gases in that a charcoal-liquid oxygen trap can be inserted between the measuring tube and the last stop cock. The gas can thus be led through the trap and kept in connexion with it during measurements. For the other gases the charcoal must be removed, so that the gas is more liable to contamination. For this reason they turned their attention to the alkali ions which, owing to the low ionization potential [ 187 ] of alkali atoms and the absence of electrons and metastable atoms from the discharge, do not demand so high a criterion of purity.
Later, Mitchell and Ridler (1934) were able to make nitrogen pure enough to determine the mobility of in N2 (2-67). Similarly, Mitchell (Tyndall 1938) found a value for in H 2 (14-7). Recently the technique of the gas purification has been improved, notably (Munson and Tyndall 1939) by the introduction of mercury traps instead of stopcocks requiring tap grease in the gas plant. In view of the present use of discharge tubes containing inert gases, a reinvestigation was therefore made in 1939, the results of which are here recorded.
The apparatus was the same as th at employed in recent work on alkali ions except that the source of ions was a platinum wire rounded in the blow pipe to a sphere of about 0*5 mm. diameter and placed a few millimetres from a perforated platinum plate, through which positive ions were dragged to the first shutter of the mobility apparatus. The holes in the platinum plate were staggered with respect to those in the shutters in order to prevent radiation from the corona from reaching the electrometer plate and causing a background of current at all frequencies due to photoelectric emission. With Xe, C02 slush had to be substituted for liquid oxygen on the traps. Mercury vapour at least was thus excluded.
R esults
In view of the data obtained for alkali ions on the variation of mobility with field E and pressure p, values for Ne+ in Ne, A+ in A, Kr+ in K r and Xe+ in Xe have been obtained at various values of E/p. These are shown graphically in figure 1 a, b . The graph for neon is of a type similar to those obtained by Hershey (1939) for potassium ions in various gases. The argon graph over a more extended range of Ejp might possibly have assumed a similar form, but the use of higher values of E/p was prevented because of the incidence of glow discharge throughout the tube. The results for K r and Xe are very striking. If the mobility is constant at low values of E/p it is only so over a very limited range, after which it falls off rapidly. To em phasize the contrast between this and the behaviour of an alkali ion, results for Cs+ in Xe are also included in the graph.
In the collected results in table 1 for the mobility k0 at 0, obtained by extrapolation, the last figure in the values for K r and Xe must be regarded as somewhat uncertain, as may be seen from the form of the graphs themselves which are drawn on the assumption th at the mobility tends to a constant value at very low E/p. The earlier result of Tyndall and Powell for He is included in the table for completeness. In column three the mobility kA for the alkali ion having the same electronic configuration as the gas atom is also given for comparison. It will be seen th at in all cases the ion of the gas itself has a lower mobility than th at of the corresponding alkali ion. Full data are available for all the alkalis in these gases from which graphs representing the variation in a given gas of the mobility of a mon
The mobility of positive ions in their own gas atomic ion with its mass may be drawn. From these we may deduce the value of the mobility of an ion of the gas itself, it if be assumed that its mass is the determining factor. The values are given as kM in column 4; the helium value must be regarded as very doubtful due to the extent of extrapolation required. The ratios k0/kM are recorded in column 5. As has been pointed out (e.g. Tyndall 1938), the law of force between an alkali ion and a gas atom differs in one fundamental respect from th at between an ion of the same gas as the atom. In the former case, owing to the relatively low ionization potential of the alkali atoms, exchange forces are absent. In the latter case the probability of electron exchange between the R. J. Munson and A. M. Tyndall a, Kr+ in Kr; b, Xe+ in Xe F ig u r e 2 two colliding bodies is a maximum. Now the statistical effect of electron exchange is equivalent to an increase in the number of collisions between ion and atom. Consequently one would expect the mobility of an ion in its own gas to be less than that which would be deduced from the consideration of mass alone. The ratios given in column 5 ranging between 0-60 and 0-74 may thus be regarded as a measure of the effect of electron exchange. A similar result was found by Mitchell and Ridler for in N2, but in this case the ratio was higher (0-925). W ithout a wave mechanical treatm ent of the mobility problem it is not possible to say whether this difference in order of magnitude is connected with the diatomic nature of both ion and molecule in nitrogen. By making the arbitrary assumption th at the velocity distribution remains Maxwellian at all values of E/p Hershey has e theory to show th at the relation between mobility and E/p is of the general type found by him for K+ ions in various gases and now by the writers for Ne+ in neon. I t would appear that any classical model leads one to the conclusion that provided E/p is sufficiently great the velocity of an ion in the field should vary linearly with (E/p)K In figure 2 the results for krypton and xenon are shown with velocity plotted against (E/p)K It will be seen th at above about E/p -36 for K r and 50 for Xe this linear relationship is obtained.
